Abstract-The study is concentrated on the isotropic elastic responses of a homogeneous isothermal pervious surface or adiabatic impervious surface due to injection of compressible hot fluid. Based on the theory of thermal elasticity of porous media, the analytical models are developed for the ground deformation with excess pore fluid pressure and temperature increment of the strata due to thermal fluid influences. Using Hankel transform to present the closed-form solutions of the analytical model, the investigation can improve understanding of the isotropic porous strata due to injection of compressible hot fluid.
INTRODUCTION
Strata responses due to hot fluid injection is an important engineering issue. Considering impact on engineering safety, many studies were concentrated on mechanical, thermal and hydraulic behavior due to thermal consolidation. Hydraulic and thermal disturbance in the strata usually result in a volumetric or temperature change of solid skeleton and fluid. The change can increase excess pore fluid pressure and lead to a decrease in effective stress. The shear resistance loss of solid skeleton may result in a hydraulic or thermal failure in the strata. The simulation and its validation is a major concern for the improvement of engineering safety.
An analytical model for the areal distribution of land deformation due to hot water injection of a confined and leaky aquifers was developed by Bear and Corapcioglu [1] . Compared to conventional water flooding in recovering heavy oil from heterogeneous reservoirs, Alajmi et al. [2] presented the performance of hot water flooding through fine-mesh numerical simulations. In the investigation of using dual horizontal wells by Sasaki et al. [3] , a system of gas production from methane hydrate layers involving hot water injection was investigated. Rosenbrand et al. [4] addressed permeability change in sandstone due to heating from 20°C to 70~200°C. Transient ground surface displacements produced by a point heat source or sink through analog quantities between poroelasticity and thermoelasticity were displayed by Lu and Lin [5] . To simulate gas production from methane hydrate-bearing sand by hot water cyclic injection, a three-dimensional middle size reactor was used by Yang et al. [6] .
On the basis of thermally elasticity of porous media, the present investigation is focused on the closed-form solutions of an isothermal pervious or adiabatic impervious ground space due to injection of compressible hot fluid which still have not been derived in previous studies. The soil or rock mass is modelled as a linearly elastic medium with isotropic properties in this paper. The mechanical properties, thermal conductivity and hydraulic fluid flow are treated as isotropic. Using Hankel integral transform, the closed-form solutions of temperature increment, excess pore fluid pressure and displacements of the strata due to hot fluid injection are obtained. The results can improve understanding of the compressible thermally fluid injection induced responses. Figure 1 displays an isothermal pervious or adiabatic impervious porous elastic strata subjected to a point hot fluid injection. The soil or rock is modeled as a homogeneous isotropic media. The mechanical governing equations are derived by equilibrium equations, constitutive law and kinematics relationships in equations (1a) and (1b). The injection point of compressible hot fluid is considered at a depth h in the z-axis with coordinate   0, h shown in Figure 1 . 
II. MATHEMATICAL MODEL

A. Governing Equations
The parameter 
in which the Skempton pore fluid pressure coefficient B and undrained Poisson's ratio u  were defined by Rice and Cleary [7] .
B. Boundary Conditions
The half space ground surface at 0 z  is treated as a traction-free boundary at time 0 t  . Therefore, its analytical statements of the mechanical boundary conditions are: 
The above two cases of hot fluid injection are assumed with no effect at the remote boundary of z   at time 0 t  . Hence, The responses can be derived from differential equations (1a), (1b), (1c), and (1d) corresponding with half space boundary conditions (3), (4a) or (4b), and remote boundary condition (5).
III. CLOSED-FORM SOLUTIONS
Applying Hankel transform [8] [9] [10] 
Case B. Adiabatic impervious half space,
The symbol  is Hankel transform parameter, and   
Applying the Hankel inversions to formulae (6a) to (6d) and (7a) to (7d), the closed-form solutions of radial horizontal long-term behavior of excess pore fluid pressure of the strata is affected by fluid volume f Q , while the thermal strength t Q has an influence on the long-term temperature increment of the half space. The results can improve understanding of the hot fluid injection induced responses of homogeneous isotropic porous elastic half space.
